Abstract
INTRODUCTION
Minerals is the back-bone of economic growth of any nation, and the quality and quantity and timely extraction of minerals depends upon the supply chain of the mining industry. The paper aims at solving the Mining Operations Scheduling Problem from the raw materials to the customer end. The intermediate processes include the raw material and finished goods stock blending. The problem considered is an example based upon real world problem consisting of Stockpiles, Stockyards, Vessel Hatch and Customer, all of which are collectively called resources. Fig. 1 shows schematic of a mining supply chain from raw material to customer end. The operations are basically the flow of materials in this case raw materials and finished goods from one resource to another. The blending takes place in the resources and the blend is subsequently transported further. The formulation and methodology has been based upon Blend Oil Operations Scheduling solution put forth by Grossman [1] . Boland, Natashia, et al. have carried out research and obtained different solutions for this problem in their paper [2] .
The features of Mining supply chain blending model can be summed in the points below:
• After the raw material is processed it is stored in stockpiles and later is transported into individual storages. All these storage are collectively termed as resources. These storage points are denoted by
• Different stockpiles are denoted by different properties and the stockpiles are considered as basic blends. Later in all the resources the blend is described as the mixture of basic blends. The properties of materials are denoted by
• The operations flowing from the resources are combinatorial sets of all the connections between the resources, which are directed forward, these sets are denoted by
• Time slots in the formulation, denoted by • The start time and duration of the operations to be scheduled are denoted by these times are attributed to Operations and Time slots.
METHODOLOGY
An optimization model is a mathematical programming model consisting of a function, essentially the objective function which can either be maximized or minimized. This algorithm was originally put forth by Dantzig [3] . The constraints make up the feasible area for the objective function and the solution of this model. The following is a standard form of Optimization Model. 
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Fig. 2 Two-step decomposition method
The general method for solving the problem as mentioned before is based upon the Simplex method. But one of the shortcomings of the Simplex method is that it can solve only the linear problems, and as soon as there is some non-linearity in the constraints one needs a different method to solve the problem. This can be done by solving the problem using constraint programming solver. The technique introduced for solving MINLP is a two-step decomposition method, wherein first MILP problem is solved, excluding the nonlinear constraint seen in equation (10).The solution from MILP is then passed into the NLP model as a starting solution, where all the constraints are considered. NLP model is solved using CPLEX's constraint programming (CP)solver [5] . This is depicted in fig. 2 .
FORMULATION
The formulations is designed keeping the real life scenario in mind, the notations used in the equations are described in Table  2 . The formulation in the paper is based upon continuous time scheduling formulation which uses time slots for formulating the model. The continuous time representation model was introduced by Mock us et. al. [6] . 
Objective Function
The main objective function is to maximize the profit of the mining process. Here the Gross Margin (GM) of the minerals is considered. There can be many different objectives that can be considered in this problem like the inventory cost, the cost of demurrage of the vessel while unloading. Here the primary focus is on maximizing the profit using the GM of the mineral.
(1) Equation (1) denotes the maximizing expressions which states that the product of Gross Margin (GM) and the volume of each blend flowing through the operations, the input of which is connected to the customer resource, should be maximized.
Constraints
Equation (2) assigns start time and duration for every operation, and it states that the sum of start time and duration must not exceed the total time horizon. And the binary variable Z is multiplied with the time horizon to make sure the times are allotted only if the particular operation is active. It is essential 9) (10) that the formulations keeps track that the sum of all the individual blends in operations and resources should be equal to the total mixture of the blends in the same. This is ensured by the constraint stated in equation (3) and (4) . In the real life scenarios, in all the operations blend mix is transferred using trucks or conveyors. Thus there is a maximum and minimum limit of transportation of material that has to be taken into consideration. Equation (5) considers the maximum and minimum allowances of blends to be transferred through an operation. And equation (6) puts a limit on the rate of transfer of the blends in the same way. The blends flowing into one resource should be equal to the blend that is already into the resource plus the crude that flows out of the resource, this is essentially a mass balance constraint as shown in equation (7) and (8). Property constraint ensures that the property at the demand side is within the specified constraints. Equation (9) denotes the property constraint. The proportion of a particular blend inside a resource should be equal to the proportion of the same blend flowing out of the resource. This equation is what brings non-linearity into the model and thus makes it even more difficult to solve. Equation (10) is known as the composition constraint. Table 5 states the initial volume in all the resources except the stockpile, which is considered as the supply. Table 6 shows the blends along with its names and the gross margin of each blend. Table 7 shows the properties of the blend. Table 8 shows the blend property value. Table 9 and table 10 shows the minimum and maximum allowable property of the blends for the operations directed towards customer.
RESULTS
The solution statistics of the defined problem are mentioned in the 
CONCLUSION
In this paper a unified mining operations scheduling model using Multi operations sequencing time representations was presented, thus acquiring the most compact mathematical formulations as it requires fewer priority slots [1] .With this formulation a MIP-CP gap of 27.359% for a problem of 2031 constraints and 693 variables. Both the MIP and NLP problems were solved using CPLEX version 12.7.1.0, the NLP problem was solved using the Constraint Programming feature of CPLEX.
